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Table I: Change a l r f o f l  section from 66-008 to OOU-64. 



EIACA instnunsntaticm h m  been installed in  the X-4 airplanes t o  
obtain s tab i l i ty  and c a b 0 1  data during the aarth~op conducted 
acceptance tests. The m d t s  c$ the f b a t  flight of the X& rimer 1 
airplase a r e  presented in t h i a ' r e m t .  Them dartta were obtained for 8 
center-&-gravity  positicm of about 22 percent &-the mean aerodyndc 
chord. A rmximum indicated  airspeed and pssure alt i tude of 290 miles 
per hour and U,OOO feet, respectively, were obtained during the flfght. 

R e s u l t s  of the flight indicated that .the afrplane is slightly 
unstable, st ick f k e d ,  in gea;lcup, flap- cmfiguration for a center- 
&-gravity poeitian at g .4  percent of the 17188n aerodynamic chcrd. The 

configuration. There was no indication of a smldng QP lateral oscil- 
lation f o r  the epeed range covered. Far configuration at low 
lift coefficients  with  the  center of gravitg at  22.4 and 21.6 percent 
aP the mean aerodynamic chord the afrplane was lagt tudinal ly  stable; 
however,.at high l i f t  coefficients, it was "Lcated that the -1- 
m e  longitudinally  unstable. The rudder efYectiv15nees appeared t o  be 
low in  the geHown, low~speed conditian. The mmm rate of rudder 
moticm of 25O per second available with t b ~  p8-t control system xa8 

considered by the pilot t o  be too slaw. 

p i l o t  reparted that it Waa difficult t o  ln%3ritah 8te&ay flight i n  this 

As a papf; of the W o r c e  - Navy - transonic flight research 
program, the Xorthrop Compsng has ccmstructed %he X 4  airplane. This 
airplane is -tended far performFng reaearch 011 a t a i l l e s s  configuration 
at high subsmic Mach nmibsre. 

" 

NAG9 recording instmmmtatian has been installed in the airplane 
t o  provide data m s tab i l i ty  and control characteristics during the 
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Northrop conducted acceptance tests. The present report  gives data 
obtained on the first fl ight,  made December 16, 1948,. wlth the  center 
of gravity at about 22 percent mean aerodynamic c h d .  The sped range 
covered was f r a m  225 m a e s  per hour to 290 mELes per hour a t  U, 000 feet  
pressure  altitude in the clean cmditian aad f'ram 145 mile8 per hour 
to 210 miles per hour fn the gear-down caadltfan at 2200 f ee t  pressure 
altitude. 

vi indicated - airspeed, miles per hour 

S wing area, square feet 

W airplane weight, pounds 

n normal acceleratian 

Subacripts : 

R, L right and l e f t  elevons, reqectfvelg 

The Northrop X 4  a - m e  i s  a semi;taflless research airplane 
having a vertical t a i l  but no horizontal tail surfaces. It is p m r e d  
by tw.3 Westinghouse J3CHXE-74 engines %3ld is designed f m  fli&t 
ressarch in the  high subsonic  ped range. photographs of the airplane 
are  presented a8 figure 1 and a three"vim drEtwing as figure 2. Table I 
lists t he  physical  chsracteristice of ths  a&qIELlle. 
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Because aP the s m d l  s i ze  of the X 4  ~~ a nd  the ~ ~ n -  
t a t i on  requiremts f o r ”  Rortbrop struoture aSa engine temperature 
masuremsnts it was possible t o  instaU. m l y  a m-l.n.frmrm af stability 
and control  3mtrumentatia. Standard IWX iat;emsl ins-trumants  recard. 
altitude, airwed,  angle of s ibnUp,  right end left elevon positian, 
and rudder position. In additfan, the followbg qpantities are telenm” 
b r e d  t o  a w a d  station: normEtl accelmatian,  altitude, airspeed, 
right a d  lef t  elevan positicm, and rudder position. A l l  of the  recorda 
a m  correlated by a c m  timer. 

The recording airsgeed a& altlzaster are coarascted t o  the airspeed 
head om the  vertical fin. A calibratian of this W t a l l a t i o n  has not 
yet been made. 

During this  flight,.  the pilot  took a record af the takdf, a 
record i n  the air where the speed was c-d €’ram RPprCUiImt0ly 
250 miles per hour t o  275 miles per hour aSa thence t o  225 miles per 
hour indicated airspeed, and a record of t h  la3eaing. Due to a failure 
of the telemeter, no r e c d  w a ~  obtained of ncrrmal acceleration. The 
data presented therefore were taken only fram Bteady f l igh t  so that it 
could be reasonably m s w d  the amlane w a ~  at 1 g normal acceleration. 

A measure of the  etick9ixed  stabil i ty i~l shm in figure 3 where 
8 6 

the longitudinal cm-&ol angle, ”.’, is plat;tea -st -cat& 

Elirspeed, Vi, and ncmml4orce  coefficient. These data haw that in 
the clean  condition  the a l q l a s e  is sli&My tm8-kaM.e ae- sham by an 
upwssd deflection of the control, required far increasing speed.. The 
p i l o t  stated that it w98 lmpossible t o  izh the air-glane in  the clean 
candition. With gear dawn the airg7nTle is stable far both c e n t e e -  
gravity  positions. !&are is an indlcaticm that there may be some inst- 
bil i ty  at hi& nmrml4orce coefficients ~5th the gear d m .  Hawever, 
the data a t  145 miles per hour were obtained in  the landing approach 
just bafare contact so there may be s o m  effects a? the proximltty of 
the sound 03 these data. Altho-xgh these data me rather ~ketchy, they 
indicate that the  center of gravity should be m d  fmward. 

2 

Figure 4 &ova a time history of 821 elevon a rudder disturbance 
juat  after  take-off. Ad noted in  the figure, a portion of the 
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l e m l e v v a i t € m  record was not obtafasd. 'Phis record gives an 
indication d the relative effectiveness of the rudder control, a 
change of about 20° in rudder angle pcducin@r a chmge of 6 O  In sideelip 
angle 'phe p i l o t  stated that the rudder ccmtrol seemed to have c m  
siderable lag and the motion of %he control was too slow. Figure 4 
shows that ths ra te  of rudder moticm w a s  ab& eo per second,  which 
rate  is considerably slawer than the rate  at w u c h  a pilot  is able t o  
move t he  ru&der pedals. !Em electr ical  wstmwbich operatee  the 
rudder is amanged t o  give eeveral rates of c a w  movemant come- 
spollding to the rate a t  whtch the pilot  mama the pedals. The ra te  of 
So per second is  the rrw-lrm,m rate that  is mailable t o  the  pilot at 
the  present. The flight records showed this rate WaEI used in virtually 
all rudder applications  indicatfng that motion t o  the pedale w a s  
applied at a ra te  a~ eo per secand ar greater. During the f i rs t  
attempt for take-off, It was also indicated tha t  this rate  of rudder 
mommnt is too slaw for main3aina directlad. cmtrol. 

The p i l o t  reported exceslsive fricticat ip elevon control system 
which is an ifievereible  hydraulic system with m i f i c i a l  feel for the 
pilot. IB also reported that the ailera farces seemd very heavy 
relative t o  the elevator farces which on occsdan caused him t o  apply 
e lemtor   ca t ro l   a s  w e l l  aa aileron when ettterqting t o  move only the 
ailerons. since  the  aileron  farces are about normal ft is believed 
that the pilot was given this irqpreeeion b;g the ~ c s s s i v e l y  light 
elevator  farces. Since the elevatcr-farce system depends primazily 
upon elevator  position, it could be expected tha t  wlth a change in 
center-ofqavlty location  sufficient t o  prmide adequate stick-fixed 
longitudinal stability, the aile-levatcrt? fczraes would be ~ 0 -  
portioned  satisfactarily. 

Inspction of the sideelip  rec& BhQ61Ba no evidence of SnaMng 
OacilLatian over the range of a-peeda conred. 
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IB.?gtm : 
R a t i n g  (each) 

Area, E S ~ U ~  feet 200 
Span, feet 26.83 

Mem aerodynmlc &ma, feet 7.81 

Root chord, feet 10.25 
Tip chard, feet 4.67 
Taper ratio 2.2:1 
Sweepback (le- edge), degrees 41.57 
Dihedral ( c h o r d  p k e ) ,  degrees 0 

k k f  Oil 8 8 C t i O n  00/0-6+ 

Aspect ra t fo  3.6 



Operation 

T m  I - Continued 

Vertical tail: 
Area, square feet 
Height, feet 

Rudder : 
Area, square feet 
Span, feet 
Travel, degrees 
Operatim 

17. x )  
15 45 
X) 

UP - 35 
Darn - 25 
Hydraulic with eledrical emergency 

16 
5.96 







. . .  . ... . 
'" ' I 

Figure 3.- Vaxiaticm of elevon angle nlth alrepeed and narmal-farce ooeffioient for X 4  airplane. 
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Subject 

Flying Qualities 
-lases - Specific m e a  
stability, Longitudinal - Static 

Number 

1.8.5 
1.7.1.2 

1.8.1.1.1 

Results are presented f r o m  the first flight of RAW instrmunsnted 
Northrop X 4  semi"taillesg research airplane. 

Data presented include rudder and e levm position, and angle of 
sideslip for various airspeed8 up t o  290 mUW p r  hour indicated and 
11,000 feet  pressure altitude. 

The airplane exhibited 9 slight degree of s t a t i c  longitudinal 
inetabil i ty for c e r t a i n   c a d i t i a s  i 
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